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(57) Abstract 

Novel tetrazolylphenylboronic acids, methods for their preparation and methods for preparing biphenyltetrazole com- 
pounds which are angiotensin II receptor antagonists or which are useful intermediates to prepare angiotensin II receptor anta- 
gonists. An illustrative biphenyl tetrazole compound is 2-n-butyl-4-chloro-l-[(2'-(tetrazol-5-yl)-l, r-biphenyl-4-yl)methyl]- 1 H-im- 
idazole-5-methanol, potassium salt. 
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TITLE 

5 TETRAZOLYLPHENYLBORONIC ACID INTERMEDIATES 

FOR THE SYNTHESIS OF All RECEPTOR ANTAGONISTS 

mn£S REFERENCE TO REL ATED APPLICATIONS 
This application is a continuation-in-part of U.S. 
10 application Serial No. 07/793,514, filed November 18, 
1991. 

RArafiROUND OF THF. INVENTION 

Field of fhP Invention 

This invention is concerned with novel 

15 tetrazolylphenylboronic acids and their derivatives, 

methods for their preparation and their use in processes 
for the preparation of angiotensin II receptor 
antagonists which are effective agents for the treatment 
of hypertension and congestive heart failure. 

20 Backgrou nd and Prior Art 

The successful development of orally active 
angiotensin converting enzyme (ACE) inhibitors, e.g., 
captopril, enalapril, etc., for the treatment of 
hypertension and congestive heart failure has generated 

25 great interest in designing new pharmacological blockers 
of the renin-angiotensin system (RAS) . As angiotensin 
II (All) is the primary effector molecule of the RAS 
(Peach, J. J., Renin-Angiotensin System : Biochemistry and 
Mechanism of Action, Physiol. Rev., 1977, 57:313-370), a 

30 receptor antagonist of All would provide a direct 
^ approach to block the system. A number of peptide 

analogs of All have been reported to have All receptor 
antagonist properties; however, they also retain partial 
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- -.=^v oral activities (Corvol, P., 
agonist -^X^I/^-^ensin System 
— ^rapeutxc Prospect^ ( 

antagonist leads (U.S. 4/ ' 

antagonists nave been f T^" compouncis a re 

d e Nemours and Company. Many of ^ ^ 

— n rrest^^/iotenlin X, 
10 et al., Functional „ a nd 

Receptor Subtype-specrfrc "^ands^ 

troy, rq9 and references therein) . 

diseased in Kuropean Patent Ration 

=, nortion of the molecule. 
b iphenyl ^ pr parations or biphenyls -ere 

Synthetic methods for the p P ^ 

20 r a i E , 0 - «. «• — 56 - 

2395-2400) described alternate .preparations of 

T he novel tetrarolylphenylboronic acid derivatives 
prepared in accordance with this invention are 
represented by formula I below 



BNSDOCID- <WO 9310106A1_I_> 



WO 93/10106 



PCT/US92/09979 



3 




I 



wherein : 



10 



P is triphenylmethyl, tertiary-butyl/ C1-C4 

alkoxymethyl, methylthiomethyl, phenyl C1-C4 
alkoxymethyl, p-methoxybenzyl, 2,4,6- 
trimethylbenzyl, 2- (trimethylsilyl) ethyl, 
tetrahydropyranyl, piperonyl, or benzenesulf onyl ; 
and 

R la and R lb are each independently chlorine, bromine, 

C3.-C4 alkoxy or hydroxy; and 
R la and R lb can be taken together with B to form a 



or (CH2>n^ where n is 2-4. 
The novel compounds of formula I are prepared by 
reacting a compound represented by the formula 



O 
/ \ 



cyclic structure A 



B- where A is phenyl, 



\ / 
O 




20 



wherein: 

P is defined as for formula I above; and 
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M is a metal selected ^ tfce S~u P cons^n, 
lithium sodium, potassium, or magnesxum 
with a boron compound having the formula 



R la 

\ 

R lb_ B 

/ 

R lc 



I above 



15 



herein R 1B and »»» — - defiI, t d f °^:™ Ula 
and R« is chlorine, bromine or d-4 alxoxy 

Ih e novel tetrarolylphenylboronic acids or 

" receptor antagonists. Thus, the 

precU rsors or XXX recep ^ ^ ^ ^ cross . ooupliIlg 

r^wlL s-stitnteo phenyl-co^ounds represented 
by the formula 

wherein 

X is bromine, iodine, methanesolfonyloxy, 

toluenesulfonyloxy, fluorosulfonyloxy, or 

triflooromethanesulfonyloxy; and 
tr lkyl hydroxymethyl, 

Q is hydrogen, methyl, Ci C 4 aixyi, y 

triorganosilyloxymethyl, hydroxy d-C alkyl, 
^Lyl, Cx-C. acyl, d-C, alxoxycarbonyl, or W- L - 
Mh erLn , is a single bond, -««>« "here t rs 1 
to 4, -(CH 2)l O(CH 2)r -, -(CH 2 ) r S(0) r - where r is 
to 2 and « is a mono-, bi-, or -"i-=yclrc 
he teroaromatic group, which may be partrally or 
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completely hydrogenated, in which each ring member 
of said group includes at least 1 carbon atom and 
from 1 to 5 heteroatoms . For purposes of the 
present invention, preferably W is a group of the 
following formula: 



N 



R 2 



wherein R 2 is C1-C4 alkyl, Y is C1-C4 alkyl, C1-C4 
perf luoroalkyl, halogen, phenyl unsubst ituted or 
substituted with one or two substituents selected 
from C1-C4 alkyl, F r CI, CF 3 , C1-C4 alkoxyl, 
10 phenoxyl, phenyl; phenyl C1-C4 alkyl and Z is 

hydroxymethyl, formyl, C3.-C4 acyl, C3.-C4 
alkoxy lcarbonyl , carboxyl ; 

and where Y and 2 can be taken together to form a 
5-, 6-, or 7-membered ring containing 1 to 2 
15 heteroatoms selected from nitrogen, sulfur, or 

oxygen . 

The products of this cross-coupling reaction are 
compounds of the formula 
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N P 




II 



serein P and Q have the -anings given ahove and the 




, / relative to the tetrazole is the 

position of >— ' 
same as the position of 



R la 



,1b 



\ 

B- 

/ 
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wherein M, X, P, R la , R lb , R lc and Q have the meanings 
given above . 

It is therefore an object of the present invention 
to provide novel and efficient processes for the 
f 5 preparation of novel tetrazolylphenylboronic acids and 

derivatives, and the preparation of more advanced 
intermediates of All receptor antagonists in subsequent 
reactions . 

Additional objects and advantages of the present 
10 invention will be apparent to one skilled in the art and 
still others will become apparent from the following 
fc description for carrying out the present invention and 

the appended claims . 
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In st ^7^T«roverall reaction scheme shown 
above the carbanion having the formula 



10 



15 




and the boron compound having the formula 



R la 

\ 

R lb_ B 

/ 

R lc 



are reacted together. prot ecting 
The meanings given above for P, the p 

the tetrazole substituent in formula I are 
group for the terras purp oses of the 

those considered the most pref e ~ e * ^j^ osteric with 
invention. However, since tetrazoles are ^ 

^av refer to the text "Protective Groups in Organxc 
synthesis" <in particular. Chapters 5 

~ To-hn wilev & Sons, 1981, for me 

Tbeodora W. Green, John *^ s that CO uld 

selection of other possible protecting g ^ 
selection oresent invention, 

be utilized for purposes of the prese 
Applicants hereby incorporate by reference the 
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disclosure of this text for a more complete definition 
of the protecting group P. 

The reaction is conducted in an aprotic solvent, 
for example, tetrahydrof uran, diethyl ether, benzene, 
5 etc., at a temperature ranging from -70°C to 25°C, 

preferably -30°C to 0°C . Due to the moisture-sensitive 
nature of the reactants, the reaction is conducted in an 
inert atmosphere such as nitrogen. 

The novel tetrazolylphenylboronic acid (R la and 

10 R lb =OH) can be isolated from the reaction mixture by the 
addition of i sop ropanol -water or water and maintaining 
the pH in the range of 3 to 10, with mineral acids such 
as phosphoric acid, carboxylic acids such as acetic 
acid, ammonium salts such as ammonium chloride, or 

15 carbonic acid salts such as sodium carbonate. The novel 
tetrazolylphenylboronic acid derivatives (R la and R lb =Ci- 
C 4 alkoxy, CI, Br) can be used in step 2 without 
isolation . 

The novel tetrazolylphenylboronic acid (R la and 
20 R lb =0H) can be prepared from 5-phenyltetrazole, which is 
readily available commercially, in a one-pot procedure 
as illustrated in Part B of Example 1. 

In step 2, a novel compound prepared in step 1 is 
reacted with an electrophile having the formula 

in a solvent in the presence of a metal catalyst and a 
base for one to thirty hours at a temperature ranging 
30 from room temperature to 150°C, preferably 60°C to 90°C. 
The coupling solvents for the reaction can be selected 
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, - a variety of known process soXvents. IXXustrative 
from a variety utilised either 

„ f the coapiing soivents that « 

— « 10 ° 0 ^r" 0n L"ane acetlnitrile, 

ether, tetrahydr ethano x, ^ethanoX, 

toe thyXrormam>de drmethy ^ or 

propanol, water, combination with water, 

diethoxymethane . Preterao y nickel, 
- »etal cataXyst - * ~- " 

I sexected rrom the = — 

!f- bia (triphenyXphosphinelpaXXadrum chXorrde, 
bis ,triphenyXphosphine>paXXadium bromrde, 
bis<triphenyXphosphine>paXXadium acetate, 
£ triisopropyXphosphite, paXXadium cbXorrde. 
bis <triisopropyXphosphite>paXXadrum bromide 
v,f* (triisopropyXphosphite) paXXadium acetate, 
m ( 2phenyIphosphino> ethane,paXXadium cbXcr.de, 

i 1-^s ShenyXphosphino.ethaneJpaXXadium bromrde 
X 2-bia diPbenyXphospbinc,ethane 1 palXadium acetate, 
i 3-bXa diPbenyXpbcspbinc,prcpane, P aXXadium cbXcrrde, 

m ' 3-b" aipbenyxpbospbino, propanelpaXladium bromrde, 

The active cataXyst may be preparea r 

in the reaction mixture. For exampXe, 
r d :"i:ror t rt:<dibenryXideneacetoae,dipaXXadiam to a 

Action mixture containin, triphenyXphosphine rn a ^ 



15 



20 



25 [1 



30 
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catalyst forming solvent generates the active 

triphenylphosphine palladium complex. 

The active catalyst can also be prepared from a 

Pd(II) salt such as palladium chloride, palladium 
5 bromide or palladium acetate with triarylphosphine, 

typically triphenylphosphine under the action of 

reducing agents such as diakylzinc, alkylzinc halide, 

dialkylmagnesium, alkylmagnesium halide, 

trialkylaluminum, dialkylaluminum hydride, sodium 
10 borohydride, hydrazine, or arylboronic acid in the 

presence of a catalyst forming solvent. The preferable 

reducing agent is diethylzinc. 

The catalyst forming solvents for the reaction can 

be selected from a variety of known process solvents. 
15 Illustrative of the catalyst forming solvents that can 

be utilized either singly or in combinations are 

benzene, toluene, ethyl ether, tetrahydrof uran, dioxane, 

acetonitrile , dimethyl formamide , dimethylacet amide , 

dimethylsulf oxide, ethanol, methanol, propanol, water, 
20 2-methyltetrahydrofuran or diethoxymethane . Preferably 

the catalyst forming solvent is tetrahydrof uran or 

toluene . 

There are a variety of bases that can be used for 
effecting the reaction. Illustrative examples are 

25 organic tertiary non-nucleophilic bases such as 

triethylamine or diisopropylethylamine, inorganic bases 
such as potassium carbonate, sodium carbonate, cesium 
carbonate, thallium carbonate, potassium hydroxide, 
sodium hydroxide, thallium hydroxide, or the alkoxides 

30 of these alkali metals. When an inorganic base 

insoluble in the organic solvent is used, dissolution in 
water may be necessary; the use of a phase-transfer 
catalyst such as tetra-n-butylammonium bromide or crown 



BNSDOCID: <WO. 



.9310106A1 J_> 



WO 93/10106 



PCT/US92/09979' 



12 



carbonate, LzyXtrimethyXammonium ^ Catb ° nite ' 
benzyXtrimethyian.nonium methoxide or 

Spared in advance or generated in the reaction 
mixture. For exampie, the preparation of 
benzyXtrimethyXammonium carbonate in "hich 
LzyXtrimethyXammonium hydroxide soXut.on rs reacted 

with ammonium carbonate. fornu Xa 

The purification of the product of Step z, 
XX, mayL aided by the addition of triaXxyX P hosPh>ne rn 
£ crystaXXisation of the compound of formuia XX or by 
the addition of triaXkyXphosphme durrng the 
tecrystaXXiration process. 

- ^-i T7 a i d ed by the presence of trxcutyxpn 
PEe£ TeP 2 is lucJa generaX reaction that it toXerates 
. variety of functionaX groups as "™ted by 

i^o rv Snieckus, Chem. Rev* , ±33u, 
literature examples (V. bniec^uo, 

8 79 I 9 33 and references therein, . Therefore, when Q has 
Z PreviousXy given meaning W-X-, w may be any of 
Trious beterocycXic systems, inciuding amon ■ 
ILoaroXes, tria 2 oXinones, guinazoXinones 

— rrr: r„". ==: rf-. 

of beterocycXic systems that may be incXuded as w 



10 



15 



20 



25 



30 
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step 2 of the general reaction of this invention: 
EP 419048, EP 424317, EP 426021, EP 420237, EP 425921, 
EP 430300, EP 429257, EP 430709, EP 425211, EP 427463, 
EP 432737, EP 400974, EP 411766, EP 407342, EP 411507, 
EP 412848, EP 401030, EP 407102, EP 409332, EP 392317, 
EP 399731, EP 399732, EP 400835, EP 415886, EP 412594, 
EP 403158, EP 403159. 

The invention is more fully exemplified and taught 
by the following examples. 



EXAMPLE 1 
2- (2 • -Triphenylmethyl-2 ' H-tetrazol- 
^-vDnhflnv.^ nrnnin acid 

Part A 

15 To a 22 L flask under nitrogen purge was charged 

8.25 L acetone, followed by 1.1 kg 5-phenyltetrazole . 
Triethylamine (800 g) was added in such a rate that the 
temperature was maintained below 35°C with some cooling. 
Solid trityl chloride was charged to this light 

20 suspension in five 440 g portions. The temperature was 
maintained below 35°C. An additional 1.38 L acetone was 
added to the reaction which was then maintained at 25° 
to 30°C with stirring for 2 hours. Water (2.2 L) was 
added and the mixture was chilled to 15° to 20°C. The 

25 solid was collected by filtration; the filter cake was 
rinsed with 1.65 L 50% acetone-water followed by excess 
amount of water. The wet cake was re-slurried in 8 L 
acetone and 8 L of water was added slowly. The 
suspension was stirred for 1 hour then filtered. The 

30 filter cake was rinsed with 3 to 5 L of water. The 

white solid was dried in a vacuum oven at 40-45°C to a 
constant weight of 3.0 kg, mp 158-160°C. 
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, t flask under nitrogen purge was 

^ 3 7, of dfy" "etrahydrofuran (THF) . with 
charged 3.1 ofd J 2 _ ttltyl - te trazole prepared 

agitation. 398 , of 5jp evacuated and 

^ove was charged. The sy ^ 
S leased to nitrogen in heptane (1.6 M, 

_*C. A solutron of „ ixtute wW1 e 

477 g) was then added to the r ^ 

maintaining the « ^red at -S°C for 1 

re suXtant deep "<> ~™ salt otyat allised 

333 g --™~\Xr C r e a d d:rtLn, the ^nre 

rill wed « war» to ZCC without heating- = 

.^ATrPfi bv vacuum distiiiatio"- 
.5 2.5 L of solvent was removed by. ^ 

- t "rrr:: nfTar: » — - « 

^rr^sion was -^eTlid ^ 
.„ild was collected by filtration. The solia 
solid was co tett ahydrofuran in water, 

20 rlnSed of water. The solid was dried nnder 

^ t^ratare to a constant weight of 
502.3 g, mp 142-146°C (dec). 

" ^ preferred alternative procedure for preparing the 
tit le compound of this Example 1 is by means of the 

following procedure ^ suspended 

5-Phenyltetrazole (14.6 g, iuu 
,« • drv THF U20 ml) under nitrogen and trietbylamxne 
30 a4 7ml 1 ll) was added while maintaining the 
rLe at 15 to 20°C. Triphenylchloromethane 
temperature at 15 to ^ added 

(29.3 <3, 1° 5 n« riol > in dry 
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slowly to the mixture at < 25°C . After the addition was 
complete the mixture was warmed to 35°C for 1 hour and 
then cooled at 0°C for 1 hour. The precipitated 
triethylammonium chloride was filtered and the filtrate 
5 was degassed via vacuum/nitrogen purges (3X) . The 

degassed solution was cooled to -20°C and butyllithium 
(1.6 M in hexanes) was added until a pink color 
persisted for 2 minutes. The pink color indicated that 
the solution was completely dry. More butyllithium 
, 10 (65.6 ml, 105 mmol) was charged at < ~15°C. The deep 

red heterogeneous mixture was aged at -20 to -15°C for 1 
hour and triisopropylborate (30.6 ml, 130 mmol) was 
added while maintaining the temperature at < -15°C. 
The deep red solution was aged at -15°C for 30 

15 minutes and then warmed to 10°C over 1 hour. The 

mixture volume was reduced by -200 ml in vacuo at < 15°C 
at which time < 5% of hexanes (vs THF) remained. The 
residue was diluted with THF to a total volume of 160 ml 
and isopropanol (60 ml) was added. The solution was 

20 cooled to 0°C and saturated aqueous ammonium chloride 
(40 ml, 200 mmol) was charged within 15 minutes. The 
mixture was aged at 20 to 2 5°C for 30 minutes and water 
.( (100 ml) was added over 30 to 45 minutes. After aging 

the mixture for 1 hour, the crystallized product was 

25 collected by filtration and washed with cold 80% aqueous 
isopropanol. The filter cake was air dried on the 
filter to give 69.7 g (86% yield, corrected for 82% 
purity) of product as the THF mono-solvate . 
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3- (2 ' -Triphenylmethyl-2 ' H- 

t i 5J 7 nr^^ 1n acid , . 1 . 0 

^ -i^ rn 102 m) was dissolved in 130 

5 « of toluene and the «^ n „ purge . 

30 ml. of solvent was distmec u „ ( _ n . butv i tin 

M ter cooling down to room temperature tr »™ 
chloride <0.102 m, and sodium az.de <0^1 m, wer . 
t o the reaotion and the mixture was heated at r 

I to the cooled down mixture was added 60 mL 

10 18 h ° UtS - " glutton of sodium hydroxide (0.12 m, in 
toluene and a ~™ >t room tempe rature for 5 

12 mL water, after stirring as 
minutes, triphenylmethyl *^£j>£ Moth . r 
a solid and the mixture was St irred f 

levers were separated and the organic layer was 
T»LId once with 50 mL water, followed by 50 ml. 
20 extracted once wiuu . T he organic layer 

saturated sodium chloride solution The o g 

wa s dried over -J^-J^T ^concentrated on a 
through celite a d the fi «a« ^ _ ^ 

25 — octane and chilled . an ic^ath.^ 

^ -r££ ir::: - . vacuum ^ 

- -thn- 
30 tetraLle ohtalned as described above is treated^ thn 

b „tyllithium - b ««^~;;j::;r5- .m-lithio- 
salt of the carbamon. 2-tripheny J fcri . 
phenyl) -2H-tetrazole, which in turn is react 
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isopropylborate to produce the title compound according 
to the procedure of Part A of Example 1 . 

F.YaMPT.K 3 

5 4- (2 '-Triphenylmethyl-2H- 

tetra7.nl -5 ' -vl 1 phenyl horonic acid 
Starting with p-bromobenzonitrile and using the 
procedure of Example 2, the title compound is prepared. 

10 FXAMPLE 4 

5- (4 '-Methyl-l, 1 ' -biphenyl-2- 
y1 ^ -?-trro hPnvlTnpthv1-2H-tetra?Ole 

2- (2 • -Triphenylmethyl-2 • H-tetrazol-5 ' - 
yDphenylboronic acid (Example 1, 0.02 m = 9 g) , p- 

15 bromotoluene (0.022 m = 3.84 g) , sodium carbonate 

(0.04 m = 4.24 g) , toluene (70 mL) , and water (20 mL) 
were charged to a reaction flask. The system was 
evacuated and released to nitrogen three times and then 
maintained under a nitrogen atmosphere. 

20 Tetrakistriphenylphosphine palladium (0.6 mm « 0.693 g) 
was charged to the reaction mixture which was then 
heated at 80°C for 10 hours. The reaction was cooled to 
room temperature. The organic layer was separated and 
extracted with 50 mL of water. The organic layer was 

25 dried over anhydrous sodium sulfate and concentrated. 
The residue was crystallized from toluene-n-heptane to 
give 6.76 g (71% yield) of title compound, mp 164-166°C 
(dec. ) . 
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5- (4 • -Bromomethyl-1, 1 ■ -biphenyl-2- 
A fixture of s-C*---^-^!'*^^ 1 ^- 

brom osuccini m ide (0.215 . - 38.2 *>' refluxed 
563 g of xylene chlor.de was sU ^ 



10 



15 



20 



25 



30 



, , Hours The reaction fixture was oooled to room 



in 357 ml, of water. ™ » - ctiturat ed with 591 g 
concentrated and the residue be£ore 
or heptanes. The slurry was ch^ed * ^ 

^ • - T-h*» solution was rinsea w - LOi 
filtration. The so1 ^ vacuum oven at 

chloride/heptanes and then dried xn 

in? -7 cr of title compound.. 
50°C to give 102.7 g ox 

2-„-Butyl-4-chloro-l- [ (2 - <2-tri P henylmethyl- 
2B-tetrazol-5-yl> -1.1' -MP*Wl-4- 

, • 2e .f 5- (4 • -bromomethyl-1, 1 • -biphenyl-2-yl) 
A mixture or o 2-n- 

rr;:- - "assium carbonate ,0.135 m - 
u 6 a in 251 g of „,»-dimethylacetamide was stirred 
^or 3 hours and the temperature - - « =iy 

■ i-n 25°C for an additional * 
was raised to " u , . d but reduced 

the produot of this step was * -^ chloK . 1 . 

wlt h sodium borohydride to g^ve 2-n butyl 

[(2 '-(2-triphenylmethyl-2B-tetrasol-5-yl) 1,1 P 
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aqueous N, N-dimethylacetamide, concentration of the 
toluene solution, and crystallization from ethyl acetate 
or ethanol, mp 145-147°C (dec). 

5 f.YAMPT.E 7 

2-n-Butyl-4-chloro-l- [ (2 ' - (2-triphenylmethyl- 
2H-tetrazol-5-yl)-l, 1 ' -biphenyl-4-yl) methyl] - 

] H-imi daz ol p-S-methanol 
To the reaction mixture of Example 6 was added 
10 sodium borohydride (0.1 m - 3.9 g) along with some water 
(8.7 mL) . After stirring at room temperature for 3 
hours, the reaction mixture was slowly added to excess 
amount of water (540 ml) with stirring. The wet filter 
cake was washed with 270 mL of water, then crystallized 
15 from 355 g of butyl chloride to give a crude product. 

Recrystallization from 300 g of ethyl acetate and dried 
in a vacuum oven to give 49.3 g of pure title compound 
in 72% yield for two steps, mp 168-169°C. 

20 FiXftMPEE 8 

2-n-Butyl-4-chloro-l- [ (2 ' - (tetrazol-5-yl) -1,1' -biphenyl- 
4-yl^fnftthvn-1H-imi d f i ^r>i«>-S-inethanol, Pot«Sft1wm salt 
A mixture of 2-n-butyl-4-chloro-l- [ (2 ' - (2- 
triphenylmethyl-2H-tetrazol-5-yl) -1,1 '-biphenyl-4- 

25 yl) methyl ] -lH-imidazole-5-methanol (5.3 kg) in 25 L 

tetrahydrofuran (THF) was treated with 8.38 kg of 12% 
aqueous hydrochloric acid added at 23°C over an hour. 
The mixture was stirred at 25°C for 12 hours. A 30% 
sodium hydroxide solution was added at 22°C over a 2- 

30 hour period until the pH was 12.5. The THF was 

distilled off by heating but the volume was replenished 
by addition of water. Distillation was terminated when 
the head temperature reached 94°C. The mixture was 
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cooled to ro=„ te^a- '^ZZZTZ rinsed 

«*"-f f ^. ft. e « extracted twice 

with water. The f rltrate an ^ (9 . 8 L) was 

with 4 L portions of toluene. K y aaueous 

then edded to the abacus so, ut ro, . and _ 

hydrochloric acid was ™ and held for t 

■5 s The mixture was coo lea co xu o 

Lur. The solid was collected by ^ 

— - Trrr^rr: ^."^^ ... 

acetate, then ~ ^ > A 1. 92 * portion 

kg white solrd mp 182 183 ^ treated „ lth 

r y filtration, approximately 67, or the water present 
„L reeved by distillation monitored by Karl Frsch 
titration of the distillate) . Heptanes (4.5 L) was 

::::: l «» »a* oooied « «- ^--^ 

T he product was collected by filtration and rinsed with 
^Ptanes. It was dried at 50«c in a vacuo* oven to 
*g of white solid, *P 267-269°C (dec.,. 

5- (4 ' -Hydroxymethyl-1, i • -biphenyl- 

A mixture of 2- (2 • -triphenylmethyl-2 'H-tetrazol-5 • - 
Am . , 3 5 j p_bromobenzyl 

vDphenylboronic acid (0.03 m - 13.5 g> , P 
yl)pneny tetrabu tylammonium carbonate 

alcohol (0.034 m = 6.2 g) teLMlJU * *-i a<= v 
alconox tolue ne in a reaction flask 

£ % JE£ - -eased to nitrogen three , an d 

stained under a nitrogen atmosphere. 

was charged tetrafcistriphenylphosphme palladrum 
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(0.9 mm = 1.04 g) . The reaction was heated at 75° to 
81°C for 5 hours. The reaction mixture was cooled to 
room temperature and extracted three times with 80 mL 
portions of water. The organic layer was clarified by 
5 filtering through a Celite cake and then concentrated to 
a brown oil. Crystallization from about 30 mL of 
acetone yielded a solid which was collected and rinsed 
with 50% aqueous acetone. The solid was dried under a 
stream of nitrogen to a constant weight of 9.08 g (61.5% 
10 yield), mp 168-170°C. 

EXAMPLE 10 

5- (4 ' -Methanesulfonyloxymethyl-1, 1 
^iph^n Y i-^vl>^ ^hr1phenvlTnftthvl"?H-tetragQle 

15 to a mixture of 5- (4 ' -hydroxymethyl-1 , 1 1 -biphenyl- 

2 - y i)-2-triphenylmethyl-2H-tetrazole (0.01 m - 4.90 g) 
and potassium carbonate (0.05 m = 6.90 g) stirred in 50 
mL N,N-dimethylacet amide chilled at 1°C was added a 
total of 3.34 g (0.024 m) of methanesulf onyl chloride in 

20 portions over 6 hours. The progress of the reaction was 
monitored by thin layer chromatography or HPLC. The 
title compound was formed in better than 90% in the 
mixture which was used in the next example. 

25 F,XftMPLE 11 

2-n-Butyl-4-chlbro-l- [ (2 ' - (2-triphenylmethyl- 
2H-tetrazol-5-yl) -1,1' -biphenyl-4-yl) methyl] - 

1 fm mj 

To the reaction mixture of Example 10 was added 2- 
30 n -butyl-4-chloro-lH-imidazole-5-carboxaldehyde (0.01 m = 
1.86 g) . The reaction was stirred overnight at room 
temperature. Water (0.87 mL) was added dropwise 
followed by sodium borohydride pellets (0.37 g) . After 
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* c hours the reaction mixture was added 

Mature was maintained at about 25 C during the 

hh 1-ion The resultant slurry was stirred for an 
addition. The re * 41te red The solid was 

5 additional 45 minutes, then ^ wet cake 

rinsed with two 50 m* * 0rtlOn %"~ n -butyl chlor ide, 
was recrystallized first from 50 mL of n butyl 
was rec * acetate to give 1.95 g txtle 

then from 30 mL o£ e-cnyx 

compound in 28* overall yield; mp 168-1" C. 

5 _ (4 • -Formyl-1, 1 ' -biphenyl-2-yl) - 

- 1 1 i| l i-ir iri - ir - rnY-'- ?H - i - ,a1 - r ^ g<:>le - 

, «.wi_? 'H-tetrazol-5 «-yl) phenyl 
2- (2 ' -Triphenylmethyl-Z h tetia^ 

« *™ - 2 16 o), p-bromobenzaldehyde 
.5 boronic acid (5 mm - 2.16 g) , P _ 
/c mm - 1 12 g), potassium carbonate ixu mm 
(6 mm - x. x^ 9/ *• f . toluene 

«— — rt^, we reaction 

ST-JT^: washed and release* to 

20 s^- «- r = - r is rrr;i^ :l: 

nit rogen atmosphere. *««^ charged to the reaction 
palladium (0.15 mm = 0.18 g) was g 

nix ture which was ^.^^.'^IX^ to remove 
hours. The cool reaction ^ rtu """ Ihe £iltrate 

25 some solid, rinsed ^T^^'^ «as 

and rinsings \ Q then dried over 

separated and washed with 10 Ihe 
magnesium sulfate, frltere , ^ 
re sidue was triturated »r - mrxt • 

30 and 5 -L "-^J^ f^^-heptane. and drieo 
fi ltratron, rxnsed wrth 1 

under vacuum is lib g Jf 
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TRAMPLE 13 

5- (4 ' -Hydroxymethyl-1 , 1 1 -biphenyl-2-yl) -2- 
tr-iphenvlmethvl-2H-tetrazQle 
5- (4 '-formyl-l, 1 ' -biphenyl-2-yl) -2-triphenylmethyl- 
2H-tetrazole was dissolved in N, N-dimethylacetamide and 
some water and reduced by sodium borohydride . The 
reaction mixture was then poured into water slowly to 
precipitate the title compound which is further purified 
by recrystallizations as described in Example 11. 



EXAMPLE 14 
2-n-Butyl-4-chloro-l-p-bromobenzyl-- 
T H-i mi d^Qle-S-narhnxa Idehvde 
A mixture of 2-n-butyl-4-chloro-lH-imidazole-5- 
15 carboxaldehyde (0.6 m = 111.9 g) , p-bromobenzylbromide 
(0.6 m = 153.02 g) , anhydrous potassium carbonate (0.75 
m = 103.5 g) , and dry N, N-dimethylacetamide (900 mL) was 
stirred at room temperature for 4 hours . The mixture 
was diluted with 1.2 L of toluene and 1 . 8 L of water. 
20 After mixing for half an hour, the layers were 

separated. The organic layer was washed two more times 
with 900 mL portions of water, then dried over magnesium 
sulfate. The drying agent was removed by filtration and 
the filtrate was concentrated. The residual oil was 
25 pumped overnight to a weight of 191.71 g (89.9% yield) . 

EXAMPLE 15 

2-n-Butyl-4-chloro-l- [ ( 2 f - (2-triphenylmethyl- 
2H-tetrazol-5-yl) -1, 1 1 -biphenyl-4-yl ) methyl ] - 
30 lH-imidazole-5- methanol 

A mixture of the oil obtained in Example 14 
(0.05 m= 17.8 g) , 2- (2 ■ -triphenylmethyl-2 ■ H-tetrazol- 
S'-yDphenylboronic acid (0.065 m = 29.3 g) , potassium 
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,n i m - 13 8 g), water (11 mL) , tetra-n- 
carbonate (0.1 » -13.8 g triph enyl P hos- 

— ~T TTs g in 200 «L toluene was evacuated 
^relea : C ^-gen tbree tl.es and gained 

irrs«- ™ r and 

aC etone)dipalladiu m (1.5 - " for l2 
the reaction was heated at 75 to 8 

Th e cooled reaction mixture was ^ sodium 

urt The toluene layer was stirred »«■ 
at ey solid. The to tetra . D - b utyl aranonium 

b orohydride (0.1 . - 3.8 g), t ^ ^ 

hours. Tne niixmi. , Ttie organic 

to re^e ^J^TS^ ~ stirred 
layer was washed once with ^ x 

„lth a solution ot th^urea 9 _ ^ 

hour. SOTe b ^ o ^° d * e Th f mixtute was filtered and the 
^aS^yer was separated then treated with a rresh 
^^thiourea „ , ^ Z~l^^ 
~ ^J^r-nr^-T sodlu* chloride 

Mgn esiu m sulfate and 15 , ~ ^ e ca*e. 

3olld was removed oy flit ' ~ orystalli zed 

I" ^r"-"^StSl" " - „ath. *he 
To^d LfcollLted and dried under a stream or nltrcen 
to a constant weight of 17.17 g. 
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FXAMPLE 16 

2-n-Propyl-4-ethyl-l-[ (2 '-(2- 
triphenylmethyl-2H-tetrazol-5-yl) -1, 1 ™* 
^ P hgnvi-4-vl)m f *thvii-iH-imi^^ 

Starting with 2-n-propyl-4-ethyl-lH-imidazole-5- 
carboxaldehyde and using the procedure of Example 14 and 
then the procedure of Example 15 , the title compound is 
prepared . 

EXAMPLE 17 

2-n-Propyl-4-pentaf luoroethyl-1- [ (2 1 - (2- 
triphenylmethyl-2H-tetrazol-5-yl) -1, 1 '-biphenyl- 
4-yllmethyll -lH-i rni ria zole-5-carborofif hoxvlate 
Starting with 2-n-propyl-4-pentaf luoroethyl-lH- 
imidazole-5-carbomethoxylate and using the procedure of 
Example 14 and then the procedure of Example 15, the 
title compound is prepared. 

EXAMPLE 18 
2-n-butyl-4-chloro-5-hydroxymethyl- 
1 -p-bro mobenz vl-lH-imidazole 
A suspension of 2-n-butyl-4-chloro-lH-imidazole-5- 
carboxyaldehyde (14 6.9 g, 0.78 mol) and ^-bromobenzyl 
bromide (195 g, 0.78 mol) in dimethylacetamide (1.0 L) 
was cooled to 0°C and potassium carbonate (138 g, 1.0 
mol) was added. The mixture was aged for three hours at 
0°C and then at 20 to 25°C for two to four hours. The 
mixture was diluted with dimethylacetamide (0.15 L) and 
then filtered. The filter cake was washed with 
dimethylacetamide (50 ml) . The combined filtrates were 
diluted with methanol (0.66 L) and cooled to 0°C . 
Sodium borohydride (37.8 g, 1.0 mol) was added as a 
solid and the mixture was aged with stirring at 20 to 
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Maf „ (i 56 L) was added slowly to 
,ro r for two hours. Water U-' 0 ' 

25 C for two filter cake was washed 

crystallize the product The f ^ ^ 

carefully with water (1.56 L> ■ ^ 
60°C. The yield was 255 g (91%, corre 

5 purity) . 

2-n-Butyl-4-chloro-l- [ (2 - (2-triphenylxnethyl- 
2H-tetra 2 ol-5-yl) -1,1- -biphenyl-4-yl) methyl] - 

3^-imidaz oJ s=5=methanal 

10 All operations described for this example were 

performed under an atmosphere of nitrogen. 

15 fc . ,,, s ma) was added anhydrous toluene 

triphenylphosphme (31.5 mg) was <x 

T ii The heterogeneous solution was degassed by 
(4 ml) . The heter g ^ fQr 

vacuum/nitrogen purges ™J*^T ^^iters) 
30 minutes. Triisopropylphosphxte < 30 ' 0 
20 was added and the mixture was further heated at 60 
until a homogeneous solution was obtained (1 to 
hours) .' 



25 



30 



rv^ipl ina 



2- (2 « -triphenylmethyl-2 ' H-tetrazol-5 

^ «^id (1 3 g) was suspended in toluene 
vDphenylboronxc acid (l.J g> *- 

4 B l, and water (100 microliters) was added. The 

mixture was stirred at room temperature 
heterogeneous mixture was 

for 30 minutes and potassium carbonate (0.7 g) was th 

! «d followed by the titled product of Example 18 
charged followed, oy , eaassed via vacuum/ nitrogen 

(0 7 g) . The mixture was degassed via 
1 v. «f a ivst solution was added. 

„ y i , n d the above cataiysr soj-uuj-w 

^el- o* **. — . -a, -1- «, SO « SS«C 
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and kept at this temperature for 2 hours . After the 
mixture was cooled to 4 0°C, water (5 ml) was added. The 
aqueous layer was removed and the organic phase was 
concentrated in vacuo at < 30°C to a volume of -3 ml. 
5 Methyl i-butyl ketone (MIBK) (8 ml) was added and the 
mixture was again reduced to ~3 ml. The mixture was 
diluted with MIBK (4 ml) and water (36 microliters) , 
heated to 60°C and then cooled and aged first at 0°C for 
30 minutes followed by aging at -10°C with stirring for 

10 2 hours. The crystallized product was collected by 

filtration as a mono-MIBK solvate (1.44 g, 94% yield). 
The crude product was dissolved in MIBK (2.1 ml) at 
80°C, the solution was filtered hot at 80°C and water 
(33.8 microliters) was added. The solution was cooled 

15 slowly to 0°C over 1 hour and aged at 0°C for 30 minutes 
followed by aging at -10°C with stirring for 2 hours. 
After filtration 1.38 g of the mono-MIBK solvated 
product was recovered (90% yield) . 

20 

FiX AMPLE 2Q 

2-n-Butyl-4-chloro-l-[ (2 ' - (2-triphenylmethyl- 
2H-tetrazol-5-yl)-l, 1 ' -biphenyl-4-yl) methyl ]- 
i h— i mi Ha zole-S-methanpl 
25 All operations described for this example were 

performed under an atmosphere of nitrogen. 

Qatalyst P reparation 

The following two procedures can be used with 
30 similar results. 
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EI2E Tr„ of palladium chloride <35« mg> an, 
triphenylphosphine (2.1 g> was added anhydrous 
«"JUL (THF) ,75 ml) . The heterogeneou 
solution was degassed by vacuum/nitrogen purges <3X, and 

tteB zt:*":*^™ ~d - « 

^^e^b.ne.pa^ ^ ^T.^ 
reflu*. some insoluble blacK solids were still 

" "LCeLogeneous THF solution containing tbe 
p ,ospbinated palladium chloride was cooledto room ^ 
temperature and diethyls (4.0 ml, 1 M 

Except for a small amount of blacK soiio , 
Ttlon essentially became bomogeneous after stirring 
iTTnZlT. This activated catalyst solution was 
used in tbe coupling step described below. 

EiaaS rTmi X ture of palladium cbloride ,35, mg > and 
triphenylphosphine <2.1 g. was added anhydrou THT 
,75 ml) The heterogeneous solution was degassed by 
^Lwnitrogen purges ,3X, and then 
phospbite <0. 99 ml, was added^ 

-Sirrr^. —n was 
obtained (0.5 to 1 hour) . 

- n ~ : rr ,~*>,*i n -m- r-- tartenats Preparat i o n 
^^^^^^^^^^^^^^^^^jj^iuniliydroxide solution 

,« „ was added ammonium carbonate (5 . 0 g and the 
reaction was aged with stirring until all of the 
ionium carbonate dissolved (-30 minutes, . The 
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methanol solvent was removed in vacuo and further 
displaced with THF (3 X 10 ml) . The residual carbonate 
was dissolved in THF (90 ml) . 

5 finnpHna Step 

To the above carbonate solution was charged the 
titled product of Example 1 (24.0 g) and the titled 
product of Example 18 (14.2 g) . The mixture was 
degassed by vacuum/nitrogen purges (5X) , followed by the 

10 addition of the catalyst solution prepared above. The 
reaction mixture was heated to reflux, aged until 
completion (8 to 10 hours), cooled to room temperature 
and filtered through a pad of Celite. The Celite was 
further washed with THF (3 X 10 ml) . The yield was 89 

15 wt % . 

F. YAMPTiF. 21 

2-n-Butyl-4-chloro-l- [ (2 « - (tetrazol-5-yl) -1, 1 '-biphenyl- 
4. Y 1 1 methyl 1-1 H-l tn*ri»*n1ft-5-niethanol. Potassium Salt 

20 2-n-butyl-4-chloro-l-[2 ' - <2-triphenylmethyl-2H- 

tetrazol-5-yl) -1, 1 '-biphenyl-4-yl) methyl] -1H- imidazole- 
s-methanol (5.0 g, 6.54 mmol) was dissolved in THF 
(60 ml) . 4 N Sulfuric acid (38 ml, 152 mmol) was added 
with stirring at 25 to 30°C. The solution was aged 

25 overnight at 20 to 25°C and isopropyl acetate (60 ml) 
was then added. The layers were separated and the 
organic phase was back-extracted with 4 N sulfuric acid 
(19 ml) . The aqueous layers were combined and the 
organic solvents (THF and isopropyl acetate) were 

30 removed in vacuo. The remaining aqueous solution was 
diluted with THF (10% of THF by volume) and passed 
through a pad of Ecosorb S 402 (5.0 g) . The pad was 
rinsed with 10% THF in 4 N sulfuric acid. The filtrate 
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was ^ — :;:r, trrr^i 

,.™olete potassium salt formatxon. Further 
„ ensure complete p ^ ^ 

washing with water ( salt product „ as eluted 

excess phosphate . The * the aqueous 

uith 20% a.eo. * C »-t ^ crystalline 

:= tt^, - nrr --— - 

, The yield was 2-56 g (85%). 

spray drying. me yj-= 

X-Bromo-4- (2 ■ -n-butyl-4 ■ -chloro-5 ' - 

-^f^ «* diethyl acetate under a ^ 

! ■„ = l-liter 3-necked flask fitted wrth a 
TSTl stirrer and thermocouple is charged 30. B g 
meehanrcal starrer ^.^^-xH-iaddaxole 

of ,-bromobenxyl — ^ * 
Lution is cooled to ^^T^ 
eddition of 27 stirring wnile keeping 

carbonate over 10 mm with r p ^ 
the reaction temperature between -5 0 C. 
stirred at -5>C for 2 h and room temperature for 2 h 
until the alkylation is complete. 

JT Filtrat i o n d „ lth 

The slurry is filtered and the cake is wa 
an ^Lous mixture of dimethyl acetamide ^ 
^h,nn1 (130 mL) . The filtrate is us 



methanol (130 mL) 
next step. 
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III. Reduction 

Under a nitrogen atmosphere, 1.85 g (48 mmol) of 
powdered sodium borohydride is added portionwise over 
0.5 h to the filtrate at -15°C in a 5-liter 3-necked 
5 ' flask with a mechanical stirrer and a thermocouple, 
keeping the reaction temperature between -15 to -5°C. 
The mixture is warmed to room temperature and aged for 
1 h or until the reduction is complete. 

10 IV. Crystallization 

Acetic acid (2.74 mL) is added dropwise over 10 min 
with rapid stirring while keeping the temperature of the 
mixture at 20-25°C. This mixture is aged at room 
temperature for 0.5 h, followed by the addition of water 
15 (160 mL) dropwise over 1 h. The solution is seeded with 
imidazole A and followed by the addition of water (160 
mL) dropwise over 1 h. The product precipitated within 

0. 5 h. The slurry is aged at room temperature for 2 h, 
cooled to 10°C, aged for 0.5 h and the solid is 

20 filtered. The cake is washed with 320 mL of water, 

suction dried under nitrogen at room temperature for 2 h 
and oven dried under house vacuum (-24 psi) at <60°C for 
12 h to afford 54.3 g of imidazole i as a white solid 
(HPLC assay: 98.8 A%, 97.2 W%, overall yield: 92.4%, 0.5 

25 W% of the regioisomer) . 

EXAMPLE 2 3 
2-n-Butyl-4-chloro-l- [ (2 ' - (2- 
triphenylmethyl-2H-tetrazol-5-yl) -1, 1 ' - 
30 biphenv3 -4-yl)methvl1 -lH-imidazol e-5-methanol 

1. Catalys t Preparation 

Triphenylphosphine (262 mg, 1.0 mmol) is dissolved 
in THF (20 mL) and the solution is degassed by 
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vacuum/nitrogen purges (3X) . "T^^' 
0.25 -ol, is added and the solution is 
( 3X> . The resulting solution is warmed to 60 C 
min. and then cooled to 25°C. 

TT. CsoapliPg 

Note: All solvents must be degassed. 

irSrr^— e th L (DEM) «S0 - - * S00 

/-ll Water (0.55 XL, 31 mmol, is added and the 
^ry is Tgld at ambient te^erature for 3« J - • 
SI age, another charge of water (0.55 ml, SI -ol> « 
laded to the boronic acid suspension under agitation, 
^e slurry is then treated with powdered potass,™ 
rr b onate Y <8.6 g . 62 -1, and slated 
tltled product of Example 22 (8.97 g, 25 mmol, • The 
fixture is aged at 20-25°C for 30 min then degassed well 

(Note! in the pilot plant, degassing ta.es much 
longer and can be started mediately after the 
LLole and carbonate are added, The catalyst 
solution is then charged and the mixture is heated 
reflux (76-7 9°C) . The reaction is complete in 2 6 
ZIL When the imidazole has been consumed, water (30 
* and THF (25 ml, are added and the mrxture i stirred 
at 55-60-C. The water layer is separated and the 
organi layer is washed with water (30 mL, . The organic 
Xayer is concentrated in vacuo to a volume of 50 ml to 

. , ,*„ THF More DEM (50 ml, is added and 
remove most of the THF. isor 

removed by distillation to further reduce THF to _ 
r T^e residual organic solution is diluted with wars. 
,60-C, DEM (to a final volume of 75 ml, and water (0.5 
L, 28 mmol, . The mixture is then cooled slowly to 
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-12°C over 2 hours. After aging at -12°C for 1 hour, 
the product is collected by filtration. The cake is 
washed with cold DEM (25 mL) . Vacuum drying at 40°C 
gave 15.5 g (93% of the titled product (non-solvated) . 
5 [Pd - 600 to 1000 ppm.]. 

FyAMPLE 2 4 

2-n-Butyl-4-chloro-l-[ <2'-<2- 
triphenylmethyl-2H-tetrazol-5-yl) -1, 1 1 - 
10 hiphgnvl - 4-v:n methyl 1 -IH-imidazole- 5-methanol 

T. Catalyst preparation 

Triphenylphosphine (262 mg, 1.0 mmol) is dissolved 
in THF (20 mL) and the solution is degassed by 
vacuum/nitrogen purges (3X) . Palladium acetate (56 mg, 
15 0.25 mmol) is added and the solution is degassed again 
(3X) . The resulting solution is warmed to 60°C for 30 
min. and then cooled to 2 5°C. 



TT. Coupling 

20 Note: All solvents must be degassed. 

2- (2 ' -Triphenylmethyl-2 ' H-tetrazol-5 1 - 
yDphenylboronic acid (15.4 g, 2 6.7 mmol, 75 wt % pure) 
is suspended in diethoxymethane (DEM) (80 mL, KF < 500 
mg/ml) . Water (0.55 mL, 31 mmol) is added and the 

25 slurry is aged at ambient temperature for 30 min. After 
the age, another charge of water (0.55 ml, 31 mmol) is 
added to the boronic acid suspension under agitation. 
The slurry is then treated with powdered potassium 
carbonate (8.6 g, 62 mmol) and the titled product of 

30 Example 22, the alkylated imidazole (8.97 g, 25 mmol). 
The mixture is aged at 20-25°C for 30 min then degassed 
well (3X) . (Note: in the pilot plant, degassing takes 
much longer and can be started immediately after the 
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10 



20 



25 



30 



imidazole and carbonate are added, . Tie catalyst 
solution is then charged and the mixture rs heated to 
reflux <76-7 9 »C, . The reaction is co^lete in 2-6^ 
hours When the imidazole has been consumed, water (30 
1 Tend THF <25 ml, are added and the mixture is strrred 
at 55-60-C. The water layer is separated and the 
organic layer is washed with water (30 ml, . 
Ir !butylphosphine (0.62 ml, 10 mol %) rs added and the 

jr f _ , raf . d in vacuo to a volume of 50 

organic layer rs ^ DEM (50 ml) is a dded 
ml to remove most ox tne ±^ 

Ld removed by distillation to further reduce THE to* 
Zl % The residual organic solution is diluted wrth 
Urm 60°C, DEM (to a final volume of 75 ml, -d water 
Z s ml, 28 mmol, . The mixture is then cooled slowly to 
- Jc over 2 hours. After aging at -12'C for 1 hour, 
the product is collected by filtration ^ ^ 
washed with cold DEM (25 ml, . Vacuum dryrng at 40 C 
" e 15 .5 g (93*, of the titled product «non-solvat«d, . 
[Pd < 10 ppm] • 

2-n-Butyl-4-chloro-l-[ (2 - <2-triphenylmethyl-2H- 

^^^^^ ^^^^^^ 
I suspension of the titled product of Example 24 
(5 g, in methyl isobutyl retone (MIBK, (40 ml> is 
degased <3X, and tributylphosphine <0 . 12 g 8 mol^%, rs 
sdled. The mixture is heated to 85'C at which trme a 
homogeneous solution was obtained. Degassed water 
(0 135 g, 100 mol %> is then added and the solution xs 
oooled to -10°C over 2 hours . The heterogeneous 
solution is aged at -1« for 2 hours, - crystallised 
product is collected by filtration and washed wrth cold 
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MIBK (-10°C, 15 ml). The recovery was 5.40 g of the 
titled product (93.9 %, as the MIBK solvate) . 

EXAMPLE 2$ 

5 2-n-butyl-4-chloro-l- [ (2 1 - <tetrazol-5-yl) -1, 1 '-biphenyl- 
4-vl ) -methvl 1 -lH-imidazole-5-methanol . potassium salt 

I» Peprptect ion 

Dissolve 2.50 g of the titled product of Example 
25, the methyl isobutyl ketone solvate, by adding 10 mL 
10 of 0.75 M H2SO4 in 50:50 MeCN: water. Age 2 hours 25 

min, 23-25°C. Add 15 mL of water in 2 min (can be added 
in 30 min to an hour in larger scales), and age 1.75 
hours, 23-25°C. Filter and wash with 5 mL of 20:80 
MeCN: water. There was almost no starting material left 
15 in the trityl alcohol filter cake (<0.05 area%). 

II, Free Acic* Formation 

Dilute the above filtrate with 13 mL of MeCN. The 
pH of the solution is 1.50. The temperature of the 

20 solution following neutralization and crystallization 

was 22-24°C. After adding 1 . 5 mL of 3 N NaOH (pH 1.75- 
1.65), the reaction is seeded with 20 mg of the free 
acid. Age 15 min. Slowly add the next 1 mL of 3 M NaOH 
to allow for good crystal growth (on this scale, the 

25 addition time was 5-10 min) . Age 30 min. Add the 

remaining 3 M NaOH (pH 3.60-3.50). Age 1 hour. The 
white slurry is filtered and washed with 5 mL of 20:80 
MeCN: water then 10 mL of water. A thorough water wash 
of the free acid filter cake is necessary to remove all 

30 the salts. The wash can be checked for SO^"^ . The 

filter cake is dried in a vacuum oven at 35°C for 18 
hours with nitrogen purge. The yield of the free acid 
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w as 1.28 , <92.5%, and there was 54 mg («, of the free 
acid in the mother liquors. 



XTT S alS Fon^tioa d 

to 4 0 g (9.46 mmoles) of the free acia 
5 to 9 v portion. The 

in 9 ml of 0.842 N KOH solution all m one p 
10.9 nu. oi , amn . rature for 30 minutes, 

slurry is aged at room dlssolves . The 

ouring "^.^^^rL s olids collected on 
doudy solut.cn rs ™^ o£ £ilttate is 
l0 a sintered glass funnel. The «« slouly 
measured at 9.05. The aqueous solution 
« a refluxing areotropic mixture of 
cy olohe*ane,isopro P anol <69-C> whereupon the ^ternary 

aLotrope c^^l^-r^^J^^ - 

- rttt^r rrrt^^iui 
::; s :ani,es. — * - - 

<0.05% the ^^^"Lrlite crystailine 
is cooled to room £unnel and washed 

20 solid is collected on a sxntered gr 

with 10-15 ml of cyclohexane/isopropanol 67/33 
in a vacuum oven (wt 3.8 g yield 95%) . 
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WHAT IS CLAIMED IS: 

1. A compound of formula I 




wherein : 

P is triphenylmethyl, tertiary-butyl, C1-C4 

alkoxymethyl, methylthiomethyl, phenyl C1-C4 
10 alkoxymethyl, p-methoxybenzyl, 2,4,6- 

trimethylbenzyl, 2- (trimethylsilyl) ethyl, 
tetrahydropyranyl, piperonyl f or benzenesulf onyl; 
and 

R la and R lb are each independently chlorine, bromine, 
15 C1-C4 alkoxy or hydroxy; and 

R la and R lb can be taken together with B to form a 

0 
/ \ 

20 cyclic structure A B- where A is phenyl, 

\ / 
O 

or (CH2>n/ where n is 2-4* 

25 2 . A compound of claim 1 wherein R la and R lb are 

hydroxyl . 

3. A compound of claim 1 wherein P is a triphenyl 
methyl . 

30 
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4 A compound of claim 1 which is 2- <2«- 

5 a compound of claim 1 which is 3-<2'- 

5 tr iphenylmethyl-2^^ ^ 

6 A compound of claim 1 which is 4- (2- 

trip h^ylm^ aC1 " 

7 . A process for preparing a compound of formula 



10 

I 




N P 



P Ts "riphenylmethyl, tertiary-butyl, Cl -C 4 

aLxymethyl, .ethylthiomethyl , phenyl Cl -C 4 
L5 alkoxymethyl, p-methoxybenzyl, 2,4, *- 

tetrahydropyranyl, piperonyx, 

R l. and are each independently chlorine, bromine, 
,n Ci-C, alkoxy or hydroxy; end 

Rl a a nd I* can be taken together with B to rorm a 

cyclic structure ^ V where A is phenyl, 
25 O 

or (CH 2 )n/ where n is 2-4, 
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comprising reacting in an inert atmosphere a carbanion 
having the formula 




wherein : 

P is defined as above; and 

M is a metal selected from the group consisting of 
lithium, sodium, potassium, or magnesium 
with a boron compound having the formula 

R la 

\ 

R lb -B 

/ 

R lc 

wherein 

R la and R lb are as above, and 
R lc is chlorine, bromine or C1-4 alkoxy 
in an aprotic solvent at a temperature ranging from 
-70°C to 25°C. 

8. The process of claim 7 wherein P 
15 triphenylmethyl . 

9. The process of claim 7 wherein R la , R lb and R lc 
are isopropoxyl . 



10 
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10 The process of claim 8 wherein B and M are, 
respec^vely, in the meta position ana M is lithium. 

11 The process of claim 9 wherein B and M are, 
5 respectively, in the meta position an, M is lithium. 

12. The process of claim 11 wherein P is 
triphenylmethyl . 



10 



13 . A process for preparing a compound of formula 



II 



N P 




II 



which co: 



.ntprises reacting a compound of formula I 




N P 



wherein : 
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15 



P is triphenylmethyl, tertiary-butyl, C!-C 4 

alkoxymethyl, methylthiomethyl, phenyl C1-C4 
alkoxymethyl, p-methoxybenzyl, 2,4,6- 
trimethylbenzyl, 2- (trimethylsilyl) ethyl, 
tetrahydropyranyl, piperonyl, or 
benzenesulf onyl; and 

Rla an d Rib are each independently chlorine, 
bromine, C1-C4 alkoxy or hydroxy; and 

Rla and R lb can be taken together with B to form 

O 

/ \ 

a structure A B- where A is phenyl, 

\ / 
O 

or (CH2>n, where n is 2-4, with an 
electrophile having the formula 



Q 




wherein 

X is bromine, iodine, methanesulf onyloxy, 
. 20 toluenesulfonyloxy, fluorosulf onyloxy , or 

trif luoromethanesulf onyloxy; and 

Q is hydrogen, methyl, C1-C4 alkyl, 

hydroxymethyl, triorganosilyloxymethyl, 
25 hydroxy C1-C4 alkyl, formyl, C1-C4 acyl, C r 

C4 alkoxycarbonyl, or W-L- wherein L is a 
* single bond, -(CH 2 )t- where t is 1 to 4, 

-(CH 2 >rO(CH 2 )r-' ~ < CH 2 > rS (O) r (CH 2 ) T ~, where 
r is 0 to 2 and W is 
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wherein 

R 



.2 is Cl -C 4 alkyl, Y is Cl -C 4 alkyl, Cfc-CU 
perfluoroalkyl, halogen, phenyl 
^substituted or substituted with one or two 
5 substituents selected from Cl -C 4 

CI, CF 3 , Cx-C4 alkoxyl, alkoxyl, phenoxyl, 
phenyl; phenyl Cl -C 4 ^l^ 1 and Z " 
hydroxymethyl, formyl, Cx-C 4 acyl, C1-C4 
0 alkoxylcarbonyl, carboxyl; and 

wherein 7 _ 
v and Z can be taken to form a 5-, 6-, or 

ana , . 1 to 2 heteroatoms 

memhered ring containing 1 to z n 

selected from nitrogen, sulfur, or oxygen, 

in the presence of a metal catalyst, a base and a 
coupling solvent for one to thirty hours a : a 
temperature ranging from room temperature to 150 C. 

20 14 The process of Claim 13 wherein the metal 

catalyst is selected from the group consisting of: 
:fcS complex. Palladium co^lex or platinum complex. 

15 The process of Claim 14 wherein the metal 
" catalyst is a palladium complex selected from 
bis (dibenzylideneacetone)palladium<0) , 
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tris (dibenzylideneacetone) dipalladium (0) , 
tetrakis (triphenylphosphine) palladium (0) or a 

7 

phosphinated palladium (II) complex. 

* 

5 16. The process of claim 15 wherein the palladium 

complex is a phosphinated palladium II complex selected 
from the group consisting of: 
bis (triphenylphosphine) palladium chloride, 
bis (triphenylphosphine) palladium bromide/ 
10 bis (triphenylphosphine) palladium acetate, 

bis (triisopropylphosphite) palladium chloride, 
bis (triisopropylphosphite) palladium bromide, 
bis (triisopropylphosphite) palladium acetate, 
[1, 2-bis (diphenylphosphino) ethane] palladium chloride, 
15 [1, 2-bis (diphenylphosphino) ethane] palladium bromide, 
[1, 2-bis (diphenylphosphino) ethane] palladium acetate, 
[1, 3-bis (diphenylphosphino) propane] palladium chloride, 
[1, 3-bis (diphenylphosphino) propane ] palladium bromide, 
[1, 3-bis (diphenylphosphino) propane] palladium acetate, 
20 [1, 4-bis (diphenylphosphino) butane] palladium chloride, 

[1, 4-bis (diphenylphosphino) butane] palladium bromide and 
[1, 4-bis (diphenylphosphino) butane] palladium acetate. 

17. The process of Claim 15 wherein the palladium 
25 complex is generated in the reaction mixture in the 

presence of a catalyst forming solvent. 

18. The process of Claim 17 wherein the catalyst 
forming solvent (s) is (are) selected from the group 

30 consisting of: benzene, toluene, ethyl ether, 
tetrahydrofuran, dioxane, acetonitrile, 
dimethyl formamide, dimethylacetamide, dimethyl 
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su lf OX ide, ethanol, methanol, propanol, water, 2-methyl- 
tetrahydrof uran and diethoxymethane . 

19 The process of Claim 18 wherein the catalyst 
5 forming solvent is tetrahydrof uran . 

«-f riaim 18 wherein the catalyst 
20. The process of Claim io 

forming solvent is toluene. 

« nf Claim 15 wherein the palladium 

22 The process of Claim 18 wherein 

oralis .triphLyl P^"^^^^^ 
15 in the reaction mixture by contacting .o~l~ 
«ls<dihenzylideneacetone,dipalladrum<0> and 

triphenylphosphine . 

?3 The process of Claim 16 wherein 

and triphenylphosphine in tetrahydrof nran . 

24 The process of Claim 19 wherein 
25 .etrlrrs.triphenylphosphine.palladium ,0, ^nerated 
in the reaction mixture hy contactrng palladium 
Sloride, triphenylphosphine and diethyls m 
tetrahydrof uran . 

95 The process of Claim 19 wherein 
30 25 • L p „ = „«4-=,+-e is Generated in 
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triphenylphosphine in the catalyst forming solvent with 
heat . 

26. The process of Claim 13 wherein the base is 
5 selected from: an organic tertiary non-nucleophilic 

base, an inorganic base and an organic solvent soluble 
base . 

27. The process of Claim 2 6 wherein the organic 
10 tertiary non-nucleophilic base is selected from the 

group consisting of triethylamine or 
diisopropylethylamine . 

28. The process of Claim 2 6 wherein the inorganic 
15 base is selected from potassium carbonate, sodium 

carbonate, cesium carbonate, thallium hydroxide, 
potassium alkoxide and sodium alkoxide . 

29. The process of Claim 2 6 wherein the organic 
20 solvent soluble base is selected from the group 

consisting of: tetra-n-butylammonium carbonate, tetra-n- 
butylammonium hydroxide, benzyltrimethylammonium 
carbonate, benzyltrimethylammonium methyl carbonate, 
benzyltrimethylammonium methoxide, and 
25 benzyltrimethylammonium hydroxide. 

30. The process of Claim 27 wherein the organic 
tertiary non-nucleophilic base is triethylamine. 

30 31. The process of Claim 28 wherein the inorganic 

base is potassium carbonate. 
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* n -F Claim 29 wherein the organic 

The process of ciaxro 

' , JL base is tetra-n-butylammoniuia carbonate 
solvent soluble **** ^ mixture by re acting 

which is generated xn the r onium bromiae 

potassium carbonate wxth tetra n o y 
5 in the presence of toluene-water. 

~r claim 29 wherein the organic 
n The process of Claim 

, ^ is benzyltrimethylammonxum 

solvent soluble base xs ben y ^ by 

carbonate which is generated n ammo nium 
10 reacting benzyltrimethylammonxum hydroxxde 
carbonate in the presence of methanol. 

c «* Claim 29 wherein the organic 
34. The °* J^_^ yl ^i„ carbonate, 

solvent soluble base xs tetra n r>u y 

35 The process of Claim 29 wherein the organic 
solvenr soluble base is benzyltrimethylammonxum 
carbonate . 

36 The process of Claim X3 wherein the coupling 
, I,., is (are) selected from the group consrstxng 

solvent (s) is (are) se tetra hydrofuran, 
of: benzene, toluene, ethyl ether, tetra y 

• dioxane, acetonitrile, *^ aolf wat .r, 

dimethylacetamide, ethanol, methanol, propa 
2 5 2-methyl-tetrahydr=furan and diethoxymethane. 

37 The process of Claim 36 wherein the coupling 
solvent is a mixture of tetrahydrofuran and 
diethoxymethane . 

30 o-p claim 36 wherein the coupling 

38. The process of Claxm jo 

solvent is toluene. 



BNSDOCID- <WO 9310106A1_I_> 



WO 93/10106 



PCT/US92/09979 



47 



10 



15 



39. The process of Claim 13 wherein P is 
triphenylmethyl, and the electrophile is l-bromo-4- (2 1 - 
butyl-4 • -chloro-5 1 -f ormyl-imidazole-1 ' H-l f - 
yl ) methylbenzene . 

40. The process of Claim 13 wherein P is 
triphenylmethyl, and the electrophile is l-bromo-4- (2 1 - 
butyl-4 1 -chloro-5 1 -hydroxymethylimidazole-1 f H-l 1 - 
y 1 ) methylbenzene . 

41. The process of Claim 13 ' wherein P is 
triphenylmethyl, and the electrophile is l-bromo-4- (2 ' - 
propyl-4 1 -ethyl-5 1 -f ormyl-imidazole-1 1 H-l ? - 
yl) methylbenzene . 

42. The process of Claim 13 wherein P is 
triphenylmethyl, and the electrophile is l-bromo-4- (2 1 - 
Propyl-4 ' -pentaf luoroethyl-5 T -methoxycarbonylimidazole- 
1 1 H- 1 1 -yl ) methylbenzene . 

43. The process of Claim 13 wherein P is 
triphenylmethyl, and the electrophile is l-bromo-4- (2 1 - 
propyl-4 ' -ethyl-5 1 -ethoxyl-carbonylimidazole-1 1 H-l 1 - 
yl) methylbenzene . 

44 . The process of Claim 13 wherein P is 
triphenylmethyl, and Q is hydroxymethyl . 

45. The process of Claim 13 wherein P is 
30 triphenylmethyl, and Q is f ormyl . 

46. The process of Claim 13 which comprises 
recrystallizing the compound of the formula II 



20 



25 
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N P 




ii 



with, a recrystallization solvent. 

„ ^ piaim 46 where the 

«, claim 13 which further 
48. The process of Claim ^ 

comprises a purification step. 
10 ~- r>f Claim 48 wherein the 

50 The process of Claim 49 wherein the 
15 purification step includes trihutylphosphme . 
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